Background: The aim of this study is to determine whether the American Academy of Orthopaedic Surgeons' (AAOS) Appropriate Use Criteria (AUC) for distal radius fractures correlates with actual treatment by orthopedic hand surgeons at a level I trauma center. Methods: ICD-9 codes were used to retrospectively identify patients who presented with wrist fractures over 1 year. Patients with isolated distal radius fractures were evaluated using the AAOS AUC application for distal radius fractures. Actual treatment was then compared with treatment recommended by the AUC. Results: Of the 112 patients, 64 (57%) received treatment that matched the AAOS AUC recommendation as an "appropriate treatment." Actual management matched the AUC recommendation 100%, 7%, and 50% of the time, for Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA) type A, B, and C fractures, respectively. Surgery was performed for type A, B, and C fractures 30%, 7%, and 50% of the time, respectively. For type B fractures, only the 2 cases that were managed operatively were in agreement with the AUC. For type C fractures, increased patient age (57 years and older) was significantly associated with nonoperative treatment decisions. Surgeon decisions for nonoperative treatment were in agreement with the AUC recommendations 40% of the time, whereas surgeon decisions for surgery matched the AUC recommendations 97% of the time. Conclusions: We found low agreement between actual treatment decisions and the AUC-recommended "appropriate" treatments, especially for the type B and C fractures that were managed nonoperatively. The AUC favors surgery for all intra-articular fractures, while we emphasized age and fracture displacement in our decision-making process.
Introduction
Distal radius fractures are one of the most commonly sustained fractures in the adult population with an incidence of about 643,000 per year in the United States. 8, 9, 13 In the Medicare population alone, there is an estimated $1.1 billion annual cost to treat osteoporotic fractures, 18% of which are distal radius fractures. 7, 26, 27 The proper treatment of various types of distal radius fractures has long been an issue of debate, and one which continues to evolve with new research and surgical techniques. In the Medicare population, treatment increased from 3% open reduction internal fixation (ORIF) in 1996 to 16% ORIF in 2005. 7 It has recently been shown that surgeons younger than 40 years of age are more likely than older surgeons to perform ORIF. 31 Given the high incidence of this fracture, which is expected to increase as our elderly population continues to expand, 27, 30 and increasing use of operative management, guidelines on the proper treatment of distal radius fractures have far-reaching effects.
In 2013, the American Academy of Orthopaedic Surgeons (AAOS) released the first of its Appropriate Use Criteria (AUC) based on its 2009 Clinical Practice Guideline for the treatment of distal radius fractures. 21 The AUC added clinical expertise from physicians across multiple medical specialties. The Writing Panel created 240 clinical scenarios based on different combinations of types of patients and injuries that clinicians are likely to encounter. The Voting Panel individually rated the 10 treatment options as "appropriate," "may be appropriate," or "rarely appropriate," by "using their best clinical judgment, taking into consideration
1 Department of Orthopaedic Surgery, MetroHealth Medical Center, Case Western Reserve University, Cleveland, OH, USA the available evidence, for an average patient presenting to an average physician at an average facility." The AAOS then developed a web-based application for surgeons to use in applying the AUC in clinical practice. 2 The purpose of this study was to compare the treatments performed by 5 hand fellowship-trained orthopedic surgeons at a high-volume urban level I trauma center with the recommendations endorsed by the AUC, as a test of the application. We hypothesized that our surgeons would have low agreement rates with the AUC, primarily with regard to management of nondisplaced or minimally displaced fractures and the AUC application's lack of inclusion of fracture displacement as a variable.
Materials and Methods
With approval from our institutional review board, we retrospectively reviewed the charts of all patients who presented to our institution, which is a high-volume urban level I trauma center, with a wrist fracture ICD-9 code (813.41-814.01) between August 1, 2011, and August 1, 2012. Only patients treated by one of the hand fellowship-trained orthopedic surgeons with isolated distal radius fractures and those with pretreatment and posttreatment radiographs were included.
Exclusion criteria included pediatric patients who were not skeletally mature (n = 194), those erroneously coded as a distal radius fracture (n = 154), those who were not managed by an orthopedic hand surgeon (n = 130), those whose initial presentation was outside of our study period (n = 92), those who had sustained other significant injuries concomitantly with their distal radius fracture (n = 66), those who did not follow up in a orthopedic hand surgery clinic (n = 37), those with incomplete pretreatment and posttreatment radiographs (n = 35), those whose initial presentation was 4 or more weeks after injury (n = 6), and patients who refused operative treatment if recommended by the attending surgeon (n = 3).
Of the 829 patients who presented to our medical center with an ICD-9 code for a wrist fracture, 112 met our inclusion criteria. The radiographs for each of these patients were then evaluated by an orthopedic surgeon and assigned an AO/OTA (Arbeitsgemeinschaft für Osteosynthesefragen/ Orthopaedic Trauma Association) classification. 20 Information on each patient's mechanism of injury (high-vs lowenergy), activity level (normal, high functional, independent, or homebound), American Society of Anesthesiologists (ASA) status (1-3 or 4), and the presence of select associated injuries (median nerve injury, open fracture, or ipsilateral injury) were then extracted via chart review. These are the variables used in the AUC application. Also extracted were the patient's age and the treating surgeon's assessment of fracture displacement, or other significant measures of distal radius radiographic alignment, which led to the treatment decision.
As written in the AUC application, high-energy fractures involve "high compression forces" and "assume significant displacement and comminution." The AUC provided examples such as falls from greater than standing height, motor vehicle collisions, and industrial accidents with high velocity impacts. Low-energy mechanisms involve "chronic conditions that weaken the strength of the bone and low velocity at impact results in bending forces" and "assume minimal comminution and displacement." Activity levels were divided into: (1) normal ("activities of daily living [ADLs] without assistance"); (2) high functional ("substantial stress/strain on wrist on regular basis, such as a high-level athlete or heavy laborer"); (3) independent ("routinely completes ADLs with assistance of ambulation devices"); and (4) homebound ("require human assistance to leave home"). ASAs were separated into 2 categories: (1) ASA 1 to 3 ("normal healthy patient" to one "with severe systemic disease"); and (2) ASA 4 ("patient with severe systemic disease that is a constant threat to life"). The data for each of the patients included in the study were then entered into the distal radius AUC application.
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A post hoc power analysis was performed to determine the minimum number of patients required. Assuming a significance level (alpha) of 0.05, power (beta) of 0.80, and effect size (delta) of 0.20, with 4 significant predictors assumed, 69 patients were deemed necessary for analysis. Normality was assessed with the Shapiro-Wilk test, and Q-Q plots were generated. Continuous variables were assessed with the independent samples t test or MannWhitney U test, where appropriate. Categorical variables were compared with the Fisher exact or chi-square test. Post hoc comparisons, when necessary, were made with Z testing (Bonferroni method, α ≤ 0.05).
1 Binary logistic regression was used to determine independent predictors of operating criterion. The dependent variables were agreement with AUC guidelines (yes/no). Independent variables included age, gender, mechanism of injury, and ASA status. Stepwise binomial logistic regression was performed on covariates with P < .10 in univariate analysis. Significance was set at a P value less than or equal to .05.
Results
Our study sample included 112 patients (35 males and 77 females) with an average age of 50 years. Ninety-four of 112 fractures (84%) were low-energy, and only 3 patients had an ASA of 4. There was a relatively even distribution of AO/OTA fracture types with 42 of 112 (37%) type A, 30 of 112 (27%) type B, and 40 of 112 (36%) type C fractures. Seventy-eight of 112 patients (70%) were treated nonoperatively, whereas 34 of 112 (30%) were treated operatively (Table 1) . Rates of surgery were 12 of 42 (29%) for type A fractures, 2 of 30 (7%) for type B fractures, and 20 of 40 (50%) for type C fractures.
Of the 112 patients, 64 (57%) received treatment that would have matched the AAOS AUC recommendation classification as an "appropriate" treatment. By grouping fractures into AO/OTA type, we found that actual management matched the AUC recommendation in 100% of the cases classified as type A (42 of 42), 7% of the cases classified as type B (2 of 30), and 50% of the cases classified as type C (20 of 40). For type B fractures, the 2 cases in agreement with the AUC were the 2 that were managed operatively.
The results of binomial logistic regression suggest that for type C fractures, patients 57 years and older were less likely than those younger than 57 to undergo operative treatment (odds ratio, 0.114; 95% confidence interval, 0.019-0.670; P = .016). In addition, subgroup analysis of fractures by age found type C fractures to be operatively managed in a significantly younger cohort of patients (39 ± 16 years), as compared with those managed nonoperatively (59 ± 14 years, P < .001; Table 2 ). Similarly, AUC agreement rates varied significantly by age for type C fractures (42 ± 16 years for AUC agreement vs 56 ± 16 years for AUC disagreement, P = .009; Table 3 ).
The choice of nonoperative fracture treatment was in agreement with the AUC recommendation only 40% of the time (31 of 78, P = .002). A decision to recommend surgical treatment matched the AUC recommendation 97% of the time (33 of 34, P < .001). Actual management decisions that matched AUC recommendations were 50 times more likely to have been for operative fixation, as compared with when decisions did not match the AUC recommendations (P < .0001). When there was agreement between the actual management and the AUC recommendation for management, the injury was 4.5 times more likely to be high-energy than low-energy (P = .01).
Discussion
The development of a clinical tool such as the AUC, which represents best clinical practice as recommended by evidence-based medicine, is an invaluable resource for clinicians. In addition to affecting clinical practice, the applicability of clinical tools such as the AUC has potentially far-reaching economic and medicolegal effects. The direct cost of nonoperative versus operative management differs vastly. 27 In our increasingly cost-conscious health care environment, the decision to manage distal radius fractures, a very common injury, operatively instead of nonoperatively cannot be taken lightly. While we agree with the concept of the AUC as being a helpful clinical tool, our finding of only 57% agreement between our observed practice and the AUC recommendations is surprising.
The discrepancy occurred with type B and type C fractures, where there was only 7% and 50% agreement, respectively. The AUC application was much more aggressive in advocating operative management of intra-articular fractures, whereas in practice, we only managed 7% and 50% of type B and type C fractures with surgery, respectively. Interrogating the AUC application with various actual and hypothetical clinical scenarios, we found that the application advocates for operative management for all type B and type C fractures, except in patients with ASA 4 ("severe systemic disease that is a constant threat to life") and homebound ("needing human assistance to leave home"), regardless of mechanism of injury (i.e. low-vs high-energy). While determining ASA status and activity level is helpful in deciding to withhold surgery in those extreme scenarios, the healthy and active, while osteopenic or osteoporotic, elderly patients with distal radius fractures were encountered much more frequently in our practice. Actual treatment recommendations at our center were dependent on age for type C fractures and intra-articular fracture displacement, as determined at the surgeon's discretion. Our older patients (greater than 57 years of age) with type C fractures tended to be managed nonoperatively, and our patients 56 years and younger tended to be managed operatively (Tables 2 and 3 ). Patient age is not assessed by the AUC. It has previously been shown that increasing patient age is an independent risk factor for secondary displacement and instability after distal radius fracture closed reduction. 17, 23 However, a number of recent studies have determined that operative treatment of distal radius fractures in elderly patients, including those who are highly active, is associated with greater complications without significant differences in functional outcomes or pain as compared with nonoperative treatment. [3] [4] [5] 11, 18, 19, 22, 29, 32 In a 2016 prospective cohort of 129 high-functioning patients older than 55 years, 1-year functional outcome scores were affected not by whether their fracture was managed nonoperatively or operatively but by the degree of persistent intraarticular displacement or radial shortening after either treatment. 18 Therefore, nonoperative management is a valid treatment option in these patients, regardless of the AO/ OTA fracture type.
Fracture displacement also played a role in our surgeons' decision making, with nondisplaced or minimally displaced fractures likely to be managed nonoperatively. The AUC attempts to capture the amount of displacement of the fracture by taking into account mechanism of injury. Even when an intra-articular fracture was low-energy, which the AUC describes as "assuming minimal displacement," the application recommended only operative management as "appropriate" unless the patient was ASA 4 or homebound (Figure 1 ). While mechanism of injury has an impact on the nature of the fracture and can affect the inherent stability of the fracture, it is not a perfect proxy for fracture displacement. The amount the fracture is assumed to alter normal wrist mechanics and the amount of articular step-off tends to play large roles in clinical decision making, as the purpose of fracture treatment is to maximize functional outcome and to minimize the potential for future joint arthrosis. Knirk and Jupiter, 16 in their frequently cited 1986 study, popularized the idea that intra-articular incongruity of greater than 2 mm is an indication for surgery based on the risk for developing future joint arthrosis. 15 The effect of radiographic joint arthrosis on functional outcomes continues to be a source of controversy, however, as more recently published studies have not shown a significant effect on outcome. 12, 28 High-quality, long-term, prospective randomized controlled studies have yet to be performed to settle this controversy; therefore, it is unclear whether a clinical application that does not take fracture displacement into account recommends best practices.
The AUC's use of mechanism of injury instead of fracture displacement was likely secondary to the inherent difficulties of accurately and consistently measuring fracture displacement on radiographs. 6, 24 Calibrated radiographs and/or computerized tomography (CT) scans, which could be used to more accurately gauge displacement, are not regularly obtained for distal radius fractures. CT scans may incur unacceptably high increases in cost and radiation exposure, although previous studies have demonstrated their utility. 14, 25 There are limitations to this study. This was a retrospective study that did not attempt to assess long-term followup. Future directions involve assessing radiographic and functional outcomes after prolonged follow-up. Doing so might elucidate whether agreement or disagreement with the AUC recommendation resulted in any long-term differences in outcomes. Our study was limited to one institution, which is a high-volume level I urban trauma center. However, the fact that our greatest discrepancies were with low-energy, intra-articular fractures in elderly patients, which one would assume constitute an even larger proportion of the fractures treated at nontrauma centers, calls into greater question the universal applicability of the tool.
The AAOS AUC for treatment of full-thickness rotator cuff tears was recently evaluated, and 79% agreement was observed between actual management of 134 patients and the AUC recommendations of "appropriate" treatments. 10 Despite a concordance with the AUC described as "excellent," the authors also found significant improvement in the functional outcome scores of all patients at prolonged follow-up, even when management was not in agreement with the AUC recommendations. The lack of inclusion of patient age was also listed as a limitation to the AUC for rotator cuff tears.
We conclude that the AAOS AUC favors surgery for all intra-articular distal radius fractures. Actual treatment recommendations at our center were dependent on age for type C fractures and intra-articular fracture displacement. Treating clinicians may find a modified AUC that takes into account age and intra-articular fracture displacement more useful.
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